Several studies of nearby active galactic nuclei (AGN) have shown that the soft X-ray emission presents a size and morphology that resembles that of the narrow-line region (NLR) traced by [O iii]. Since the NLR is mainly constituted by gas photoionised by the AGN, it seems logical to assume that this is also the primary source of the soft Xray emission. However, these results are based on individual sources or small samples, particularly focused on type-2 Seyfert galaxies. Very little has been said concerning other types of AGN. The purpose of this work is to compare the circumnuclear morphologies of soft X-ray and [O iii] images to test whether they match in different optical classes of AGN. Our sample is composed of 27 AGN: nine type-1 Seyferts, 10 type-2 Seyferts, and eight low ionisation nuclear emission-line regions (LINERs). We find a good match in 100% of the type-2 Seyferts in our sample. This correspondence is less frequent in type-1 Seyferts (22%) and it is not seen in LINERs. The good resemblance in type-2 Seyferts constitutes an evidence for a common physical origin. We argue that the lack of correspondence in type-1 Seyferts might be due to the line of sight perpendicular to the accretion disk. Based on the morphologies of the eight LINERs in our sample, we discard a common origin for the soft X-ray and [O iii] emissions in these objects. Regarding the X-ray properties, both high column density and hard X-ray luminosity are associated with matched morphologies.
INTRODUCTION
The unified model (UM) of active galactic nuclei (AGN) explains the observational properties of a particular AGN simply by its luminosity and orientation (Antonucci 1993; Urry & Padovani 1995) . Among AGN, Seyfert galaxies (Seyfert 1943) can be classified as type-1 or type-2 depending on the presence or not of permitted broad lines in their optical spectra. The UM proposes that both types of Seyferts are essentially the same objects viewed at different angles. Type-1 Seyfert galaxies are observed in an viewing angle in which the line of sight (LOS) is able to reach the region where these broad emission lines are produced, the broad line region (BLR). This BLR is probably partially absorbed by E-mail: cgguijarro@dark-cosmology.dk photoionised outflowing material launched by the accretion disk (Fabian et al. 1994; Reynolds & Fabian 1995) . Type-2 Seyferts are observed at an angle nearly perpendicular to the type-1 orientation. From this view, the nuclear continuum is highly obscured by an optically thick dusty structure (simplified as a torus) blocking the BLR from our LOS.
A strong observational evidence for unification between type-1 and type-2 Seyferts was the discovery of broad optical lines in the polarised spectrum of the archetypal type-2 Seyfert M77 (NGC 1068, Antonucci & Miller 1985) , an evidence further supported by the last compilation of spectropolarimetry data of type-2 Seyfert galaxies (Ramos Almeida et al. 2016 ). In addition, X-ray wavelengths are also affected by the obscuring material along the LOS. They produce the best estimate of the amount of material measuring the hydrogen column density (N H ). X-ray observations of AGN provided additional evidence in favour of the UM, with type-2 AGN showing larger column density in our LOS, as expected under the UM (Maiolino et al. 1998a; Risaliti et al. 1999; Panessa et al. 2006; Cappi et al. 2006) .
The hard X-ray energies (i.e., 2.0-10.0 keV) are thought to originate in the innermost regions of the accretion flow which feeds the AGN. Thus, they are a good tracer of the AGN power (Maiolino et al. 2003) . For these energies, the spectrum is dominated by an intrinsic continuum, and by Compton reflection and a strong iron fluorescence line coming from reflected light from the AGN in the inner parts of the dusty structure and/or in the accretion disk (Maiolino et al. 1998a; Guainazzi et al. 2005 ). This Compton reflection is particularly prominent for Compton-thick (CT) objects (i.e., N H > 1.5 × 10 24 cm −2 ) due to the observational faintness of the intrinsic continuum (Bassani et al. 1999) .
The origin of the soft X-ray energies (i.e., 0.2-2.0 keV) have been more controversial in both unobscured and obscured sources. In the former is dominated by an excess in the primary nuclear continuum of debated origin. In obscured sources, where the primary emission is attenuated, its nature was partially revealed through the high resolution spectra obtained by XMM-Newton and Chandra spectrometers for some type-2 Seyferts (e.g., Mrk 3, Circinus, and NGC 1068, by Sako et al. 2000; Sambruna et al. 2001; Kinkhabwala et al. 2002; Brinkman et al. 2002) . In these studies the spectrum is dominated by emission lines, mainly from He-and H-like K transitions of light metals and L transitions of Fe, that are blended in lower resolution spectra. This is consistent with photoionised material from the AGN. Indeed, the AGN is able to photoionised the material in its host galaxy up to kpc-scales (Antonucci 1993) . The more extended regions are the so-called narrow-line region (NLR) and extended narrow-line region (ENLR), observed in many nearby Seyfert galaxies (Schmitt et al. 2003a; Veilleux et al. 2003; Whittle & Wilson 2004; Ramos Almeida et al. 2006; Bianchi et al. 2006; Wang et al. 2009; Gonzalez-Martin et al. 2010a ) and at higher redshifts in radio galaxies (Balmaverde et al. 2012) . The study of the NLR/ENLR is key to impose restrictions on the interaction between the AGN and its host because it is the outer layer powered by the AGN. AGN drive jets and winds that have the potential to directly influence the cooling of the hot gas in host galaxy/cluster haloes (McNamara & Nulsen 2007) , and also to expel cool gas from the circumnuclear regions of the galaxies. Thus, studying the NLR can give hints on the AGN-host interaction and feedback as a key element in the understanding of both galaxy and AGN evolution (Turner et al. 1997; Silk & Rees 1998; Kauffmann et al. 2003; Hopkins et al. 2006; Schawinski et al. 2007 Schawinski et al. , 2009 Fabian 2012) .
Observationally, this region has been classically traced by the [O iii]λ5007 emission line (Schmitt et al. 2003a,b) , with heterogeneous extensions (hundreds of parsecs to kpcscales), column densities (N H ∼ 10 19 -10 21 cm −2 ), and morphologies showing halo-like, cone-like, spiral or amorphous features. Conical or bi-conical morphologies suggest the origin of the NLR being outflowing material coming from the very center of the galaxy, probably launched by the accretion disk and, perhaps, collimated by the torus (Nicastro 2000) . Schmitt et al. (2003b) found that type-1 Seyferts show a high percentage of halo-like NLRs with a high concentration towards the nucleus, while those of type-2 are more elongated and less concentrated. This suggests that the outflowing material main direction might be parallel to our LOS in type-1 Seyferts while it might be perpendicular in type-2 Seyferts, in agreement with predictions from the UM.
The soft X-ray energy band gives a new opportunity to infer the properties of the NLR/ENLR (Crenshaw et al. 1999 (Crenshaw et al. , 2003 . Diagnostics of the emission lines in the spectra showed that they are more easily explained if produced in a gas photoionised by the AGN, rather than in hot gas in collisional equilibrium in type-2 Seyferts (Guainazzi & Bianchi 2007) . The high spatial resolution of Chandra revealed that the soft X-ray emission shows a size and morphology that closely resembles that of the NLR traced by the [O iii] emission for several nearby type-2 Seyferts, as several studies showed from individual objects: Mrk 3 (Sako et al. 2000) , NGC 1068 (Young et al. 2001) , NGC 2110 (Evans et al. 2006) , Mrk 573 (Bianchi et al. 2010) , and from a small sample of type-2 Seyferts (8 type-2 Seyferts, Bianchi et al. 2006) . The good match between both soft X-ray and [O iii] morphologies was also reported in the type-1 Seyfert NGC 4151 (Ogle et al. 2000; Yang et al. 2001) . Since the NLR is mainly constituted by gas photoionised by the AGN, it seems then logical to assume that this is also the primarily source of the soft X-ray emission. However, other studies suggested that a continuum-subtracted [O iii] does not match the morphology of the soft X-rays, and thus, the physical mechanism driven its emission should be different (Mrk 1066, Ramos Almeida et al. 2014) . Soft X-rays can also be produced through mechanical heating, as in shocks driven by supernova explosions in nuclear star-forming regions, or by outflowing material (Kraemer & Crenshaw 2000; Dopita et al. 2002) . Star formation in the disks and galactic winds in hot halos of spiral galaxies can be traced by the diffuse X-ray emission as well (Tyler et al. 2004; Strickland et al. 2004; Swartz et al. 2006; Warwick et al. 2007; Owen & Warwick 2009; Kuntz & Snowden 2010; Mineo et al. 2012) . It is quite plausible that both photoinisation and mechanical heating effects are important (Mrk 3, Sako et al. 2000) . In other cases, the diffuse X-ray emission can be explained only through a thermal origin (NGC 1365 , Wang et al. 2009 ).
The UM has been vastly tested for Seyfert galaxies with a good general agreement adding some considerations, as in studies of the Seyfert classification depending on the torus structure (Ramos Almeida et al. 2011) . However, some other AGN types are not easily explained under the UM , for a review). One clear example are the low ionisation nuclear emission-line regions (LINERs, Heckman 1980) , originally defined as a subclass of low-luminosity AGN (LLAGN). They show optical spectra dominated by emission lines of moderate intensities arising from gas in lower ionisation states than classical AGN. In the X-ray regime, several studies proved the AGN nature in a large fraction of LINERs (Ho et al. 2001; Eracleous et al. 2002; Dudik et al. 2005; González-Martín et al. 2006 , 2009a . Previous studies of LINERs reached different conclusions about the ionisation mechanism responsible for the LINER emission. Possibilities included: 1) shock heating (Dopita & Sutherland 1995) , 2) Wolf-Rayet or OB stars in compact near-nuclear star clusters (Terlevich & Melnick 1985; Filippenko & Terlevich 1992) , and 3) low-luminosity AGN (Ho et al. 1997b; Eracleous & Halpern 2001) . It was suggested that LINERs are low-luminosity, low-accretion rate extension of Seyferts (Ho 2008) . Only one previous attempt was Soft X-ray and [O III] morphologies of AGN 3 done to study the NLR/ENLR in LINERs (Masegosa et al. 2011) . They found extended emission in the soft X-rays with equivalent sizes ranging from a few tens to about 500 pc that resembled the optical morphologies. However, the tracer used there was Hα, which is not the best suited to trace the NLR/ENLR region due to possible contamination of star formation.
The main purpose of this paper is to study the correspondence between the soft X-ray and [O iii] emission-line morphologies in a large sample of nearby AGN with different optical classes. The sample includes nine type-1 Seyferts, 1 type-2 Seyferts, and eight LINERs. We used both [O iii] emission-line images taken with the Hubble Space Telescope (HST ) and X-ray images from the Chandra satellite. The high angular resolution provided by HST and Chandra is optimal to trace the morphology of the NLR.
The paper is structured as follows. We introduce the sample in Section 2. In Section 3 we describe the HST and Chandra data employed along with its treatment, and the methodology in Section 4. We present our results in Section 5 and discuss them in Section 6. Summary and conclusions are placed in Section 7. Along this paper we adopted a concordance cosmology
SAMPLE
We employed several catalogues of AGN to select objects suitable to our analysis: the Palomar Survey (Ho et al. 1997a) , the Véron-Cetty & Véron (2010) catalogue, and the extended IRAS 12 micron galaxy sample (12MGS, Rush et al. 1993) . From them, we gathered a sample of 27 sources with both Chandra and [O iii] data available in the archives.
The sample includes several AGN optical types: nine Sy1-1.9, 10 Sy2 galaxies, and eight LINERs. Note that from now on we refer to Sy1-1.9 as type-1 Seyferts and Sy2 as type-2 Seyferts, denoting the existence or not of broad components in the optical permitted lines. This is the largest sample of AGN ever compiled to compare Chandra and optical morphologies. We broaden the previous studies focused on type-2 Seyferts to a wide variety of optical classes of AGN. It is worth noticing that our sample is subjected to the individual reasons for which they were observed with Chandra and HST. Thus, it is not complete and the biases are out of the control of the present study. Bianchi et al. (2006) reported a sample of eight type-2 Seyferts to also compare the soft X-ray and [O iii] morphologies. Among the 10 type-2 Seyferts presented here, six are in common with their sample (NGC 1386, NGC 3393, NGC 4388, NGC 4507, NGC 5347, and NGC 5643) .
In the case of the LINERs it is important to indicate those reported as having proper AGN activity, showing features characteristic of AGN such as: evidence of a BLR; radio jets or unresolved radio core; or ultraviolet variability. This is the case for the sources listed here: M31 (Bender et al. 2005) , M81 (Bietenholz et al. 2000) , M90 (Keel 1983 ), M105 (González-Martín et al. 2009b , NGC 404 (Maoz 2007 ), NGC 1052 (González-Martín et al. 2009a ), NGC 4278 (Ho et al. 1997b), and NGC 7465 (Ramos Almeida et al. 2009 ).
In Table 1 , we show the optical classification of the galaxies, the redshifts, the intrinsic hard X-ray luminosity and hydrogen column density collected from the literature, and the [O iii] luminosities calculated in the nuclear region and also considering the extended emission. The methodology for obtaining the [O iii] luminosities is explained in Section 4.2. In addition, we include both X-ray and optical morphological classification, as explained in Sections 5.1 and 5.2. Besides, to provide a quick look of the results, we show a checkmark when the source presents a good match between the soft X-ray and the [O iii] morphologies. Osterbrock & Koski (1976) ; (2) Ho et al. (1997a) ; (3) Véron-Cetty & Véron (2006); (4) Ho (1995) ; (5) Maiolino et al. (1998b) ; (6) Storchi-Bergmann et al. (1990) ; (7) Osterbrock & Martel (1993) ; (8) Nelson & Whittle (1995) ; (9) Ferguson et al. (1997) ; (10) Durret & Bergeron (1986) ; (11) Véron-Cetty & Véron (2010); (12) Keel (1983) ; (13) Ramos Almeida et al. (2009) . References for the intrinsic hard X-ray luminosity and the hydrogen column density (10 22 cm −2 ) included in Cols. 4 and 5 are: (14) Brightman & Nandra (2011) ; (15) Panessa et al. (2006) ; (16) Marinucci et al. (2012) ; (17) Ott et al. (2005) ; (18) Bassani et al. (1999) ; (19) Ueda et al. (2015) ; (20) Brightman et al. (2015) ; (21) Xu et al. (2016) ; (22) Hernández-García et al. (2015) ; (23) Yukita et al. (2007) ; (24) Guainazzi et al. (2004) ; (25) González-Martín et al. (2009a) ; (26) Satyapal et al. (2004); and (27) O'Sullivan et al. (2001) . Optical [O iii] luminosities calculated in the nuclear region are denoted as 'nuc' in Col. 6, while considering the nuclear and the extended regions of the source are indicated as 'tot' in Col. 7. Luminosities are presented as the decimal logarithm of the values in CGS units. In Col. 8, X-ray (soft/hard) morphologies are shown: 'Cone' denotes cone-shaped, 'Sph.' stands for spheroidal, 'Other' suggests diffuse morphologies that can not be classified into cone-shaped or spheroidal, 'Diff.' indicates diffuse, and 'Point' denotes point-like sources. The optical morphologies are gathered in Col. 9. The tick in Col. 10 refers to the presence of a good match between the soft X-ray and the [O iii] morphologies. 
The HST instruments and filters queried to look for suitable objects for our analysis are specified in Table 2 . The spatial resolution of the HST Wide Field Camera (WFC3, WFPC2, and WFPC) is the best for the purpose of this work. images contain at least 90% of the emission-line flux for all the sources, except for NGC 4388 which still corresponds ∼85% of the emission-line flux. Note that we did not consider the sources with [O iii] emission line lying on the BB filter, otherwise we would subtract [O iii] features that are precisely our aim. All these constraints establish a redshift range for each filter that allowed us to look for the objects in the catalogues through a redshift criterion. This redshift range for each HST camera is shown in Table 2 (Col. 4). In the case of WFPC2 FR533N we just include the upper limit introduced by the BB filter because it is a tunable filter designed to trace the [O iii] emission of the selected objects.
Once we had a raw sample of objects accomplishing the redshift criterion, we searched for the optical and X-ray data in the archives. For the optical data, we used the Hubble Legacy Archive 1 (HLA) DR8.1 version when available and The Mikulski Archive for Space Telescopes 2 (MAST) otherwise. After that, we searched for the raw sample in the NASA archive for high energy mission HEASARC 3 . HST and Chandra images were available for 30 sources. We discarded three objects with major problems in the images that prevented us from performing the soft X-ray/[O iii] comparison: one object that did not show any feature in the HST images due to lack of sensitivity in the observations (NGC 253), and two more objects that were completely dominated by pile-up in the Chandra images (Centaurus A and M87). The final sample is comprised of 27 AGN.
We only used Chandra X-ray images because its superb spatial resolution is the only one which allowed us to compare with optical morphologies probed by the HST. The spatial scales range between 0.23 pc/pix and 24 pc/pix in the case of Chandra (sub-pixel binning scale), with an average and standard deviation of (5.5 ± 5.5) pc/pix (see Col. 11 in Table 3 for the values of each source). For HST the spatial scale range between 0.15 pc/pix and 25 pc/pix (drizzled pixel scale), with an average and standard deviation of (6.0 ± 6.9) pc/pix (see Col. 6 of Table 3 for each source).
DATA PROCESSING

HST data
We used NB and BB images of several filter pairs, as described in Section 2. When several observations were accesible through the archives for the same source, we took the data with the greatest exposure time, rejecting images with saturated pixels when possible. We refrained from combining several images to increase the signal to noise (S/N) ratio. In some cases one of the images was very noisy compared to the one used in our analysis. Thus, the combination was not able to produce a better result. In other cases, the two images were observed with different instruments with different pixel scales. Also different filter responses would affect the combination. The number of images where we could do a combination of images safely are only a one or two cases. We decided not to do it to avoid including errors in our comparison with the soft X-rays.
The majority of the data was retrieved from the HLA archive, except for NGC 1052, and NGC 3031 from the MAST archive. The HLA archive provides enhanced data products. Among them, the mosaic, combined image of different exposures, and flux calibration for each CCD. MAST archive does not provide the WFPC mosaic. In these cases, we only used the camera where it was located the area of interest. In Table 3 , we include the detail of the observations extracted from the archives.
We removed the cosmic rays in affected images using the L.A.Cosmic 4 algorithm. This algorithm uses a variation of the Laplacian edge detection method to remove cosmic rays (van Dokkum 2001) . We then applied the flux calibration provided by the PHOTFLAM keyword included in the image headers. The next step consisted on the alignment of both NB and BB images if necessary. That was the case in nine objects (namely IC 450, IC 5063, NGC 404, NGC 1365, NGC 1386, NGC 3393, NGC 4388, NGC 4395, and NGC 5347) . We used stars in the field when available and compact features within the source otherwise.
Once we had NB and BB images properly treated and aligned, we performed the continuum subtraction. As a first approach, we subtracted the BB image from the NB one. However, visual inspection showed that this process failed to properly subtract the host galaxy continuum. It turned out in an over-subtraction in some cases (showing deep negative cavities in the images) and under-subtraction (with strong contribution of the host galaxy) in other cases. The oversubtraction was particularly important, as negative pixel values have no physical meaning. We wanted to make a more accurate subtraction of the continuum host by ensuring that the final subtracted image was scaled to zero around and far from the target source. Thus, the final image was neither under-nor over-subtracted. Technically the process was: (1) we selected several regions, r i , common in both the NB and BB images; (2) we calculated the average flux, < F NB (r i ) > and < F BB (r i ) >, respectively; (3) we computed F subtract =< F NB (r i ) > −scl j × < F BB (r i ) >, where scl j is an array of plausible scaling values between the two; (4) for each scl j value we computed the average F subtract for all the regions r i (< F subtract >); (5) we plotted < F subtract > versus scl j ; (6) the final scaling value scale was where < F subtract > was equal to zero. Note that the regions were selected far from the NLR but close enough to account for the continuum of the galaxy. We then guaranteed that the image background was set to zero level. The final continuum-subtracted [O iii] image is:
where scale ∼ 1 for all the objects. This was what we expected from a small correction. We chose this formula with the scale being a multiplier factor because the major source of error was expected to be the error in the flux calibration. Note that the resulting flux units are erg s −1 cm −2 −1 .
Chandra data
We used the level 2 event data from the Chandra/ACIS instrument retrieved from the HEASARC archive. When several observations were accesible for the same object, we chose the data with a largest exposure time, avoiding at the same time images with pile-up when possible. Pile-up occurs when the source is very bright and the X-ray CCD detector is not able to distinguish between photon arrivals at the same position between two read-outs, affecting the final counts value. We found pile-up in M77, NGC 3031, and NGC 4151, but just in a very compact region in the nucleus that does not affect the extended morphologies. To ensure low distortions, all our objects were observed with an offset between the optical axis and the source lower than 3 . We include the detail of the observations collected from the archive in Table 3 . The data reduction followed the process previously applied in Gonzalez-Martin et al. (2010a) (see also González-Martín et al. 2009a ). We employed the CIAO 4.7 5 data analysis system and the Chandra Calibration Database 6 (caldb 4.6.5). The exposure time was processed to exclude background flares using the lc clean.sl task 7 in source-free sky regions of the same observation. Chandra data include information about the photon energies and positions that is used to obtain energy-filtered images and to carry out sub-pixel resolution spatial analysis. Although the default pixel size of the Chandra/ACIS detector is 0.492 , smaller spatial scales are accessible as the image moves across the detector pixels during the telescope dither, therefore sampling pixel scales smaller than the default pixel of Chandra/ACIS detector. This allows sub-pixel binning of the images. Similar techniques were applied for the analysis of Chandra observations of, for example, the SN1987A remnant (Burrows et al. 2000) . For each source in our sample, we used a value of 0.06 /pix, 5 http://cxc.cfa.harvard.edu/ciao/ 6 http://cxc.harvard.edu/caldb/ 7 http://cxc.harvard.edu/ciao/download/scripts/ corresponding to 1/8 of the native pixel scale (e.g., Wang et al. 2011; Paggi et al. 2012) , better matching the pixel scale of the HST images. In addition, we applied smoothing techniques to detect the low-contrast diffuse emission. We employed the CIAO tool csmooth, based on the algorithm developed by Ebeling et al. (2006) . csmooth is an adaptive smoothing tool for images containing multi-scale complex structures and it preserves the spatial signatures and the associated counts, as well as significance estimates. A minimum significance S/N level of 2, and a scale maximum of 3 pixels was chosen for all the sources. For our analysis, we generated two images in the energy range of the soft X-rays (0.2-2.0 keV) and the hard X-rays (2.0-10.0 keV). Table 3 . Log of the HST and Chandra observations employed in our analysis. Note that in all cases the BB filter is the F547M of the HST instrument for each case. 'Prop.' denotes proposal, 'Obs.' observation, 'Inst.' instrument, 1 pix indicates the pixel scale in pc (sub-pixel binning scale), and 'Exp.' is the exposure time in s for HST data and ks for Chandra. We show the proposal ID and the exposure time in the optical data for both the NB (Prop. ID NB, Exp. NB) and the BB (Prop. ID BB, Exp. BB). 8 C. Gómez-Guijarro et al.
HST and Chandra alignment
The main scope of this work is to study and compare the morphologies of the soft X-ray and [O iii] emissions. The first caveat to have in mind is the wide differences in the relative astrometry of Chandra and HST satellites. Chandra has an excellent absolute astrometric accuracy of 0.16 (Rots & Budavári 2011) . However, HST is far from this value. Thus, we needed to align both data to ensure a proper analysis. The best alignment would be reached using point-like sources present at both optical and X-ray observations. Unfortunately, this was difficult in our case for two reasons: (1) the small field of view of both Chandra and HST images strongly reduces the probabilities of finding stars in both fields, and (2) the completely different emission mechanism producing optical and X-ray emission makes rather difficult that the same point-like source is bright enough at both wavelengths. Indeed, this was not possible in our sample. Alternatively, we were able to use the AGN to make the alignment since this source is expected to be bright at both wavelengths. We aligned using the peak in the hard X-ray image, where it is expected to be located the nucleus of the galaxy, with the pixel with the highest flux in the optical image that resemble the nucleus. In some cases we found pile-up in the hard X-ray nuclear source as described in Section 3.2 (M77, NGC 3031, and NGC 4151). This is seen at hard X-rays by a reduction in the number of counts in the affected pixels. For these objects we used the center of symmetry of the nuclear structure. In the case of NGC 1569 we did not find neither an AGN feature nor a point-like source to align with, so we left it unaltered.
METHODOLOGY
Source extension
To evaluate the optical extent of the sources, firstly we needed to study the point spread function (PSF). The HST PSF is similar on the various instruments that we employed in our analysis and it is very stable along the chip. According to the handbooks, 90% of the PSF encircled energy fraction is found in a radius of ∼ 0.3 for the HST instruments used in this work. After this, we measured the total flux of the source using a very large aperture different for each object, ensuring that enclosed all the flux by visual inspection. Then, we made aperture photometry with growing radius until reaching a flux that accounts for 90% of the total flux. If this value was greater than ∼ 0.3 , the expected for a point source according with the PSF extent, then the source was classified as having an extended compontent. We defined the actual size of the optical emission as this radius accounting the 90% of the total flux. The rightness of this method relies on the fact that is independent of the actual morphology of the source. It is the best way to establish a size for objects with very different morphologies.
In the case of the Chandra data, we evaluated the PSF of the soft and hard X-ray bands for each observation. We performed this analysis using the CIAO tool psf 8 . The PSF depends on the offset to the central position of the detector, 8 http://cxc.harvard.edu/ciao/ahelp/psf.html the exposure time, and the energy. Thus, we computed the PSFs for each observation in our sample. However, the PSFs obtained were similar in all the sources. We detected an improvement of the PSF behaviour around 6 keV, as described in the specification of the instrument, and a slight change on the PSF radius, but the general behaviour was very similar. The 90% of the enclosed counts were found within a radius that ranges from (0.76 ± 0.17) at 0.2 keV, (1.12 ± 0.14) at 2.0 keV, and (5.65±0.16) at 10.0 keV. We then obtained the light profile analysis of our final images at soft and hard Xrays for each object, centred at the object and extending up to 100 pixels (∼ 6 ). We calculated the radius that accounts for the 90% of the flux. We compared this radius with the theoretical value computed from the PSF analysis.
It is important to mention that Chandra images have lower spatial resolution than the HST ones, implying that HST images can host structures that can not be resolved with Chandra. Thus, the morphological comparison presented in this paper is based on diffuse extended structures seen in both images.
[O III] luminosities
We computed the [O iii] luminosities for our sources both in the nuclear region and in the entire area with [O iii] emission. We defined the nuclear [O iii] region as that encircled in the PSF size for each object. To calculate this luminosity we performed aperture photometry within the PSF size. In the case of M31, M105, NGC 1569, and NGC 4278 we did not find a nuclear feature in the [O iii] images, then we did not calculate a nuclear [O iii] luminosity for these objects. In addition, we obtained the total [O iii] luminosity, as that comprising the nuclear and the extended emission regions. In order to do this, we defined the aperture as the size of the source in Section 4.1. The luminosities for each object are shown in Cols. 6 and 7 in Table 1 . The values are not extinction-corrected since we lack of extinction maps to properly correct our [O iii] flux calibrated images.
Comparison images
Different types of comparison images gave us information about different components of the studied source.
• [O iii] and soft X-ray: Comparison of pure [O iii] emission, classical NLR tracer, with the soft X-ray emission.
• [O iii]+continuum and soft X-ray: Comparison of [O iii] before continuum subtraction and soft X-ray morphologies.
• Continuum and soft X-ray: Confirmation that the morphological resemblance comes from [O iii] and not from continuum.
• Continuum and [O iii]: Global structure of the galaxy and both [O iii] emission, as a NLR tracer, and star-forming regions.
• • Soft X-ray and hard X-ray: Extended X-ray emission and nuclear AGN regions.
We compared soft X-rays with the [O iii] emission line before and after the continuum subtraction and with the BB image in order to understand to which of them the soft X-ray image resembles better. We also compared soft with hard X-rays to understand whether the extended emission contributes only to the soft X-rays. In Fig. 1 , we include the full set of image comparisons for the case of NGC 1386 as an example. In this case, it is interesting to note that the soft X-ray emission resembles the [O iii] emission both before and after continuum subtraction. However, this soft X-ray emission does not resemble the continuum emission of the host. We further investigate this aspect for the full sample below. In Appendix B, the soft X-ray and [O iii] comparison images for the 27 AGN in our sample are included.
RESULTS
X-ray morphologies
In order to decide whether a source is extended or not we compared the Chandra PSF radius with the radius of the soft and hard X-ray bands emission using the procedure described in Section 4.1. In all cases, the soft X-ray sources detected in our sample show radii larger than that of the PSF, confirming that all the objects are extended in the soft Xray regime, regardless of the AGN class. On the other hand, at hard X-rays the majority of the sources in our sample are compact, except for four objects (M51a, M77, NGC 1386, and NGC 5643). In these cases the soft X-ray morphology is more extended than that in the hard X-rays, but the hard X-ray images show similar morphology compared to the brightest structures seen at soft X-rays. All of them are type-2 Seyferts. We performed a morphological classification of the sources for both soft and hard X-ray energy regimes. In the soft X-ray regime all the objects show diffuse emission as mentioned above, but we separated them between 'cone-shaped', 'spheroidal', or 'other' morphologies, that are typically diffuse emission following the general morphology of the galaxy. Among the hard X-ray emission, we distinguished between diffuse and point-like morphologies as studied above. The results are shown in Table 4 (see Col. 7 in Table 1 for the classification of each source).
We can see that in the case of the type-1 Seyferts in our sample, the dominant morphology in the soft X-ray energy regime is spheroidal. In the hard X-rays, all the objects show point-like structures. This situation change in the type-2 Seyferts, mainly displaying cone-shaped emission in the soft X-rays and it appears a relevant contribution of diffuse morphologies in the hard X-rays. The LINERs in our sample do not present a dominant morphology in the soft X-rays, being both cone-shaped or spheroidal, and in the hard Xrays they are point-like sources. Among the 10 type-2 Seyferts presented here, six are in common with the sample studied by Bianchi et al. (2006 ), namely NGC 1386 , NGC 3393, NGC 4388, NGC 4507, NGC 5347, and NGC 5643. Bianchi et al. (2006 found extended emission in the soft X-ray regime for all the sources in their eight type-2 Seyfert sample, except for the case of NGC 4507, severely affected by pile-up. For this source we were able to detect extended emission in this band. This is because we chose a more recent observation not affected by pile-up, which was not available by the time Bianchi et al. (2006) presented their analysis. In the case of the hard X-ray regime, Bianchi et al. (2006) did not find any evidence for extended emission beyond the PSF in their sources. We detected extended emission in four objects in this band, among them NGC 1386 and NGC 5643 shared with Bianchi et al. (2006) sample. In the case of NGC 1386, the set of Chandra data that we used in this work is more recent and has a greater exposure time. For NGC 5643, we employed the same data, so the disagreement could come from the different reduction techniques. We employed smoothing techniques that allow us to detect the low-contrast diffuse emission, something not mentioned in Bianchi et al. (2006) reduction method.
[O III] morphologies
In the optical, all the sources in our sample present diffuse emission beyond the HST PSF. Note that the type-1 Seyferts IC 450, NGC 4051, and NGC 4395 are saturated in the central region, but this does not affect the external features we are interested in.
We calculated the contribution of the [O iii] extended emission over the total [O iii] luminosity for each optical type. All the objects show an important contribution of the extended emission, at least a 20%. In the type-1 Seyferts the scatter is large, but the sources cluster around two regimes where the dispersion reduces significantly, above and below a 50%. In type-2 Seyferts and LINERs the [O iii] luminosity is dominated by the extended emission, with only one object of each class below 50% (M90 and NGC 4507). Table 5 shows the average and standard deviation within each optical type and regime above and below a 50%.
We classified the morphology of the sources in the same way as we did for the X-rays. The results within each optical Chandra hard X-ray contours superimposed on Chandra soft X-ray image. The contours show logarithmic intervals with the minimum value set to 3σ over the background and the maximum set to 50% of the peak value. The images are scaled in the same way. We apply a smooth value of 3 pixels to plot the contours in all the images. The center of the images correspond to the soft X-ray peak. Note that the full set of Chandra soft X-ray contours superimposed on HST [O iii] images is included in Appendix B. Table 6 . Summary of the [O iii] morphologies. 'Cone' denotes cone-shaped, 'Sph.' stands for spheroidal, 'Other' suggests diffuse morphologies that can not be classified into cone-shaped or spheroidal. We show the percentages in each cell in brackets, calculated over the number of sources within each optical type.
Opt. type Cone Sph. Other Sy1 (9) 4(45%) 3(33%) 2(22%) Sy2 (10) 9(90%) 0(0%) 1(10%) LINER (8) 0(0%) 7(88%) 1(12%) type are gathered in Table 6 (see Col. 8 in Table 1 for the classification of each source).
In the type-1 Seyferts in our sample, the numbers do not show a significant difference between spheroidal and cone-shaped. We do not find a dominant morphology. The type-2 Seyfert objects present predominantly cone-shaped morphologies, none of them displaying spheroidal structures. For the LINERs, it is very representative the total absence of cone-shaped structures in favour of a spheroidal appearance. Although our sample is not complete, we would like to stress that this result is in agreement with the previous work done by Schmitt et al. (2003b) , whose morphological study of [O iii]-traced NLRs in Seyfert galaxies revealed that there was a higher percentage of type-1 Seyferts with halo-like NLRs, while those in type-2 Seyferts were more elongated.
If [O iii]
is tracing the photoionised extended NLR, we would expect a tight correlation between the size of the [O iii] emitting region and the power of the AGN, traced by the hard X-ray luminosity. To further investigate this, Fig. 2 shows the relation between the size of the [O iii] emission and the hard X-ray luminosity. This relation was previously explored for the NLR of Seyfert galaxies (Bennert et al. 2002; Schmitt et al. 2003b ) using the [O iii] luminosity as a proxy of the AGN power. Later on, Masegosa et al. (2011) studied this relation for a sample of LINERs employing the hard X-ray luminosity as a better way to trace the AGN power (Maiolino et al. 2003) . We followed the last approach. We calculated the radius of the size of the [O iii] emission for each object as that enclosing the total [O iii] luminosity (see Sect. 4.2). Spearman and Kendall rank correlation tests led to p−values < 10 −3 . Our slope value is 0.19 ± 0.05 with a correlation coefficient of 0.630, although the dispersion is high. Panessa et al. (2006) spectroscopically. Since the hard X-rays are a tracer of the AGN power, then such a correlation implies that also [O iii] is a proxy for photoionisation. Finding morphological similarities between the soft X-ray and [O iii] emissions would imply that the soft X-rays are also a tracer of photoionisation. In order to study the hard X-ray and [O iii] correlation for our sample, corrections from optical extinction in our [O iii] luminosities measurements would be needed. Unfortunately, we lack of extinction maps to properly account for the correction, and thus we refrained from examining the correlation.
Soft X-ray versus [O III] morphologies
We studied the resemblance between the soft X-ray and [O iii] morphologies. Making use of [O iii] emission-line images taken with HST and X-ray images from Chandra we ensure a comparison at the best spatial resolution that is accessible with the current instrumentation. The high angular resolution of these satellites is the best to trace the NLR morphology.
We found that the soft X-ray emission resembles the overall morphology of the continuum-subtracted [O iii] emission in 12 out of the 27 objects. In Table 7 , we summarise these results. None of the spheroidal morphologies found at Table 1 for the match on each individual source). Among the type-2 Seyfert galaxies, Circinus, M51a, and M77 do not present a good match in terms of extension of both types of emission. For these cases the soft X-ray emission appears widely more extended than the [O iii], but just for the low brightness contours. The resemblance is clear in the structures with a high S/N level. In all the type-2 Seyferts we can see that the soft X-ray emission reaches lower brightness regions than the [O iii] images. This is also the case in the type-1 Seyfert NGC 4151, but not in NGC 1365, both presenting a good soft X-ray/[O iii] match. For the rest type-1 Seyferts, in which both emissions do not resemble, the [O iii] is more extended than the soft X-rays in four cases (M106, NGC 1569, NGC 4051, and NGC 4395) , along with NGC 1365, a 56% of the total type-1 Seyferts sample. This number is 1/8 (12%) for the LINERs.
We obtain exactly the same results comparing soft Xray and [O iii]+continuum images. All the sources showing a good match between soft X-ray and [O iii] images still show that resemblance with the [O iii] image prior continuum subtraction. For example, the effect of continuum subtraction in NGC 4151 is shown in Fig. 4 . The difference between both non-subtracted and subtracted images is minimum. Then, continuum subtraction seems not to be crucial in the analysis, indicating that the [O iii] emission line fully dominates the filter. However, a proper continuum subtraction is important in order to get rid of features that might confuse the correlation in some sources. For instance, this is the case of the type-2 Seyfert NGC 4388 that is shown in Fig. 4 , where the dust band in the galaxy plane does not correlate with the soft X-ray emission, but it disappears with the continuum subtraction allowing a better match between both morphologies.
Our sample contains six type-2 Seyferts in common with Bianchi et al. (2006) for which we find the same morphological correlation. These authors reported a good match between the soft X-ray and [O iii] emissions for all their eight type-2 Seyfert sample. We include four additional type-2 Seyferts, which means an increment of 40%. Our results show an universal correlation between the soft X-ray and [O iii] emissions in type-2 Seyferts, such as that evidenced in Bianchi et al. (2006) . Taking into account all the optical types analysed in our work the correlation between both emissions is much lower, 44% (12/27).
The good match between the soft X-ray and [O iii] morphologies is an argument in favour for a common physical origin of both emissions in the sources showing this correlation. In order to support this, in Fig. 3 we show a comparison of the sizes of these two emissions as defined in Sect. 4.1. We detect a high degree of correlation in sizes for the sources showing a good correspondence in morphologies. Spearman and Kendall rank correlation tests lead to p−values < 10 −3 , and the correlation coefficient is 0.924.
DISCUSSION
Under the UM, the NLR could be an outflow of material coming from the AGN, launched by the accretion disk and collimated by the torus (Nicastro 2000) . We expect morphological differences between the NLR of type-1 and type-2 Seyfert galaxies due to the viewing angle. The conical NLR of type-1 Seyferts is observed closer to face-on, while in the case of type-2 Seyferts is observed closer to edge-on. Then, while we expect conical shapes for the NLR of type-2 Seyferts, in the type-1 we would rather find more spheroidal shapes (we refer the reader to Ramos Almeida et al. (2011) for further discussion on torus inclination). Indeed, under the classical hypothesis that the [O iii] emission traces the NLR (Schmitt et al. 2003a,b) , we found a higher percentage of spheroidal [O iii] morphologies in type-1 Seyferts, in agreement with the UM scenario. However, we found four cases (45%) of conical NLR in our type-1 Seyfert sample. This could be interpreted as a continuous variation in the angle along the LOS respect to the torus. Fully face-on cases would lead to spheroidal morphologies, but less extreme angles would allow partially seeing the BLR, classifying the galaxy as type-1 Seyfert, while allowing the observation of a conical NLR.
In all the type-2 Seyferts we detected a good match between soft X-ray and [O iii] morphologies. This was already reported by Bianchi et al. (2006) . It would imply that the physical origin for the soft X-ray emission is also AGN photoinisation (the so-called NLR). This was reinforced by the study of the high resolution spectra of type-2 Seyferts presented by Guainazzi & Bianchi (2007) . They showed that a strong contribution of photoionised gas by the AGN is needed to explain the emission lines seen at soft X-rays in most of these type-2 Seyferts.
In the case of type-1 Seyferts, we found that only two out of nine presented a good match between soft X-ray and [O iii] morphologies (NGC 1365 and NGC 4151) . A good correlation between both emissions was reported for the archetypical galaxy NGC 4151 (Ogle et al. 2000; Yang et al. 2001) . On the premise that the same mechanism seen in type-2 Seyferts should be in force in the type-1 Seyferts, we also expected a good match between soft X-ray and [O iii] morphologies. However, in those objects closer to a faceon configuration, the X-ray nuclear emission could outshine the extended emission, preventing a good discrimination. To better explore this, we subtracted the hard X-ray emission, assumed as a PSF, to the soft X-ray image in NGC 4051. That is, we scaled the nuclear emission to the 90% of the peak value and subtract it. The results are shown in Fig. 5 . After subtraction, the soft X-ray contours do not show the same spheroidal appearance as before, but they do allow a glimpse of conical morphology. We applied the same procedure to NGC 4395 and NGC 5273. Nevertheless, in these cases we do not see any match.
Building on this, it is very important to say that the column density plays a main role in what is observed in the X-rays (Maiolino et al. 1998a) . In unobscured objects the soft X-rays are dominated by the primary emission, whereas in obscured sources the primary emission is not visible and the soft X-rays are associated with extended regions further away from the nucleus and the obscurer, that can be linked with the NLR. Therefore, it would be expected to see extended soft X-ray emission matched with the NLR as traced by [O iii] predominantly in objects with high column densities. Indeed, objects are typically classified as unobscured if N H < 10 22 cm −2 and obscured if N H > 10 22 cm −2 . In Fig. 6 , we plot the column density and the hard X-ray luminosity for those objects with both measurements reported in the references shown in Table 1 . We see that column densities a few times above 10 22 cm −2 and hard X-ray luminosities log(L HX ) > 40 display a good match between soft X-ray and [O iii] emissions in 11 out of 15 objects (73%), and all measured sources with such match lie on this parameter space.
It is important to discuss the role of other processes as potential main sources to originate both the soft X-ray and [O iii] emissions. We have already mentioned in Section 1 the case of NGC 1365, where the diffuse soft X-ray emission can be explained only through a thermal origin (Wang et al. 2009 ). This object is a case of good match between soft X-ray and [O iii] morphologies, so it seems plausible that the thermal component is the main mechanism to originate both types of emission in this source. In addition, radio jets can create shocks and heat the ISM. The presence of radio jets is confirmed in most of the type-1 and type-2 objects in our sample, being in most of the cases consistent with the orientation of the soft X-ray and [O iii] emissions. This is the case of the type-2 Seyferts Circinus (Mingo et al. 2012) , IC 5063 (Schmitt et al. 2003a ), M51a (Dumas et al. 2007 ), NGC 1386 (Schmitt et al. 2003a ), NGC 3393 (Cooke et al. 2000) , NGC 4388 (Falcke et al. 1998) , and NGC 5643 (Simpson et al. 1997) , and the type-1 Seyferts NGC 1365 (Dumas et al. 2007 ). Under the UM, it seems likely that if the radio jet exists it would be located along the same direction than the NLR. The question that arises is whether the jet shocks are the main cause originating the soft X-ray and [O iii] morphologies. Cooke et al. (2000) and Simpson et al. (1997) argued for NGC 3393 and NGC 5643, respectively, that the primary source was photoionisation from a central source and not radio shocks. However, Mingo et al. (2012) found the opposite explanation to originate the soft X-ray emission in Circinus. Therefore, a thermal or radio shock mechanism can not be ruled out as main sources to originate both the soft X-ray and [O iii] when it comes to individual objects (e.g., Circinus, NGC 1365).
With all of this in mind, our last question is: what powers soft X-rays and [O iii] in LINERs? This has not a clear answer, but both are not tracing the same mechanism, since none of them match in morphologies. This is a clear difference between type-2 Seyferts and LINERs. In favour for the soft X-ray emission being originated by AGN photoionisation, the RGS spectra studied by Gonzalez-Martin et al. (2010b) showed that in at least 30% of their sample a contribution of photoionisation by the AGN is required due to the presence of the CV RRC emission line. However, this does not guarantee a dominance of this emission mechanism. Moreover, cone-like morphologies at soft X-rays in some objects in the present study points out again to the photoionisation by the AGN as the responsible for the soft X-ray emission. Nevertheless, this assumes we are seen LINERs with a LOS perpendicular to the accretion disk, which might not be the case. Indeed, the UV and X-ray variability detected for many of these LINERs (Maoz et al. 2005; Hernández-García et al. 2015) is in favour of a direct view of the AGN (i.e., perpendicular to the disk under the UM). This is consistent with the fact that most of the [O iii] morphologies found for LINERs are spheroids, if we asume the [O iii] traces the NLR. In addition, the fact that we detected a clear correspondence between soft X-ray and [O iii] morphologies only in objects with log(L HX ) > 40, and also that all the objects where soft X-rays and [O iii] match their morphologies seem to better follow the previously found relation between the size of the region and the hard X-ray luminosity (see Fig. 2 and Section 5.2), may argue in favour of the scenario in which the AGN does not have enough thrust to ionise in the low luminosity regime (Elitzur & Shlosman 2006; Elitzur & Ho 2009 ), ruling out photoionisation by the AGN at both soft X-ray and [O iii] emissions. In this case, the most reasonable explanation for the [O iii] is the host galaxy emission, which anyhow could also be on top of the AGN, preventing its detection and erasing the connection (González-Martín et al. 2014) . The host galaxy can contribute either as star formation or shocks to the total [O iii] emission. Regarding the soft X-ray origin, Mingo et al. (2014) confirmed that jets are the main responible of soft X-ray emisison for their sources. In our sample, jets are identified in NGC 1052 (Kadler et al. 2004) , where the jet position angle would be consistent with the extended soft X-ray emission shown here.
SUMMARY AND CONCLUSIONS
We compared the soft X-ray and [O iii] emissions of active galaxies to test whether they match in different optical classes of AGN. Our sample contains nine type-1 Seyferts, 10 type-2 Seyferts, and eight LINERs. In summary, for the sample studied here, we found:
• The soft X-ray and [O iii] morphologies are both extended in AGN.
• The soft X-ray morphologies are mainly spheroidal in type-1 Seyferts (67%), conical in type-2 Seyferts (80%), and both spheroidal and conical in LINERs.
• The [O iii] morphologies in type-1 Seyferts are both spheroidal and conical, conical in type-2 Seyferts (90%), and spheroidal in LINERs (88%). The percentage of spheroidal morphologies is higher in type-1 than in type-2 Seyferts.
• A good match between the soft X-ray and [O iii] morphologies was found in all the type-2 Seyferts. However, it is less frequent (22%) for type-1 Seyferts and it is not seen at all in LINERs. This match between morphologies is independent on the continuum subtraction from the [O iii] image indicating that the [O iii] emission line dominates the emission within the filter.
• The hard X-ray emission is mainly point-like in our sample. However, we found four objects (type-2 Seyferts) showing evidence of extended emission in this regime too.
• The contribution of the [O iii] extended luminosity in type-2 Seyferts and LINERs is mainly above 50% over the total [O iii] luminosity.
The type-2 Seyferts analysed here show a good resemblance between the soft X-ray and [O iii] emissions. This is an observational evidence for a common physical origin for both of them. In the case of type 1 Seyferts, we discussed that orientation effects could diminish the AGN photoionisation component. Based on the morphologies of the eight LINERs studied here, we discarded a common origin for the [O iii] and soft X-ray emissions in these objects. Furthermore, high column density and hard X-ray luminosity are
